

































































































































































































































































































































































































































































































































































































































































𝑡! + 𝑏 =
𝑎
𝐸𝐾𝐸 − 𝑐




𝑡! + 𝑏 !
+ 𝑐                                                (1.11)	
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Using	equation	1.1,	the	electrons’	binding	energy	is	formulated.	
𝐸𝐵𝐸 = ℎ𝜈 −
𝑎!
𝑡! + 𝑏 !










𝐻! 𝒓,𝑹 −  𝐸!!)Ψ!!(𝒓,𝑹) = 0                                     (2.1)	
where	HT	is	the	Hamiltonian	operator	of	the	system9,	














































𝐻! 𝒓;𝑹 − 𝐸!! 𝑹 Ψ!
!,! 𝒓;𝑹 =  0                                        (2.8)	
where9	





𝐻! 𝒓,𝑹 − 𝐸!! 𝑹 𝜒!! 𝒓,𝑹 = 0                                         (2.10)	
where	
𝐻! 𝒓,𝑹 = 𝑇!"# + 𝐻! 𝒓,𝑹                                                  (2.11)	
The	total	wavefunction	is	then	expressed	as	the	simple	product	of	the	two	
wavefunctions.	
Ψ! 𝒓,𝑹 = Ψ!






































𝑇!"# + 𝐸!! 𝑹 + 𝐾!,!(𝑹)− 𝐸!!)𝜒!!(𝑹) = {Λ!"
!!!














                                   (2.15)	
where																																				
𝑓!
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!,! 𝑟,𝑅 = 𝑐!! 𝜓! 𝑟;𝑅
!
                                               (2.18)	
The	diabatic	states	are	then	constructed	from	the	adiabatic	states	with	the	use	of	a	
unitary	transformation.24,25	
Ψ!! 𝑞;𝑅 = Ψ!
!,!(𝑞;𝑅) 𝑑!! !! (𝑅)
!!"#"$
!!!








!,! 𝑹 − 𝐸!! 𝜒!




                     (2.20)	
where																														
H!,!
!,! (𝑹) =  Ψ!
!,! 𝒓,𝑹 𝐻! Ψ!


















































           (2.22)	
where	ξ	and	λ	are	Lagrange	multipliers,	∆𝐸!" 𝑹 = 𝐸! 𝑹 −  𝐸!(𝑹),	𝐻!" 𝑹 =


































𝐼 𝐸 = 2𝜋 𝐴!!
!𝛿 𝐸 − 𝐸!
!
                                             (2.22)	
where																																																		
	 24	














!"!!,𝑸!)Θ𝑰!(𝑸!)                                         (2.24)	
where	
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where	
Θ!

















































                                 (2.31)	
and	
𝐻!,!
!,! 𝑸 = Ψ!! 𝒓!
!";𝑸 𝐻! Ψ!! 𝒓!
!";𝑸
!






!,! 𝑸 = Ψ!! 𝒓!
!";𝑸 𝐻! Ψ!! 𝒓!
!";𝑸
!
                                              	



























=   𝒔!𝒅!      (2.34)	
where	









































𝟏𝒊 𝑲 ∙ 𝒔𝒊 +
𝒓!"×𝒑!
𝒓𝒊𝒋!𝒊!𝒋!,!
∙ (𝒔! + 2𝒔!)    	
	
= 𝒉!!" ∙ 𝒔!
!
+ 𝒉!"" 𝑖, 𝑗 ∙
!!!





















!,!!/!                                             (2.37)	
The	eigenstates	of	HT,nr	can	then	be	written	as	
Ψ!























𝐻!,!" = 𝑇!"# + 𝐻! 𝒓;𝑸 + 𝐻!" 𝒓;𝑸                               (2.40)	
𝐻!,!" − 𝐸!










0 𝑖𝐻!!"# − 𝐻!!"# 
– 𝑖𝐻!!"# − 𝐻!!"# 0
0 𝑖𝐻!!"# − 𝐻!!"#
−𝑖𝐻!!"# + 𝐻!!"# 0
0 −𝑖𝐻!!"#
𝑖𝐻!!"# 0
          (2.42)	
where	
𝐻!!"# 𝑸 = 𝑖 Ψ!











!,!"                   (2.44)	
where	
𝑂!.! = 𝑑!,!
! 𝑑!,!! − 𝑑!,!
! 𝑑!,!!
𝒎





























































                           (2.48)	
and	
Ψ!












!,!",!                                     (2.50)	
Each	of	the	wave	functions	shown	above	makes	an	independent	contribution	to	the	
line	intensity,	which	is	given	by39	












































































































































































shaded	 enclosed	 area	 is	 shown	 to	 the	 side	 and	portrays	how	 the	 two	 sources	 are	






























































































































































































































































































































































































































































































































Figure	 2.18:	 This	 is	 a	 schematic	 of	 chamber	 1.	 The	 ports	 labeled	 A,	 B,	 and	 C	
represent	where	modifications	were	made	to	the	vacuum	system.	On	ports	A	and	B,	






















































Figure	 2.21:	 This	 is	 a	 schematic	 of	 the	 vacuum	wall	 assembly	 added	 to	 the	 flight	
tube.	A)	This	is	a	schematic	of	the	flight	tube	such	that	the	vacuum	walls	added	are	
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Figure	2.34:	 Schematic	of	 the	old	 light	baffle	 that	used	 to	be	 in	 the	machine.	Note	
that	the	output	baffle	is	symmetric	to	the	input	baffle.	A)	This	shows	the	orientation	
of	 the	 internal	 apertures,	 which	 vary	 in	 the	 diameter	 size	 of	 the	 center	 hole.		
Apertures	 A1	 and	 A3	 are	 threaded	 whereas	 A2	 is	 not.	 The	 diameters	 of	 the	
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apertures	 were:	 A1	 (.52”),	 A2	 (.275”),	 and	 A3	 (.236”).	 	B)	 Here,	 the	 spacers	 are	























































































































































































	 	 I(E) = 2π Af
i 2 δ(E − (Ef −Ei )
f




	 The	initial	state,	 i 	has	the	form	
	 103	
	 	 	 	 i =Ψ0
a (rN
el+1;Q)θI










	 	 	 	 θI
0(w ') = χ I j
0, j (w j ')
j=1
N int
∏ 	 															 	 (3)	
where	 	are	the	normal	modes	of	the	harmonic	potential	for	the	
initial	state,	with	equilibrium	geometry	Qa,min	and	Qk,	1	≤	k	≤	Nint	are	a	set	of	Nint	=	








	 	 	 HT ,nr −Ef
T ,nr( ) f = 0 	 	 	 	 	 	 (4)	


































∑ 	 0	≤	mi	<	Mi	 (6)	
	




























































































	 	 	 Hγ ,m;γ 'm '
vib,nr = θm
γ (w) |Hγ ,γ '
d (Q) |θm '
γ ' (w)
w




	 	 	 Hα,β
d (Q) = Ψα
d (rN
el









and	we	have	used	the	(approximate)	diabaticity	of ( ; )
eld N








f (w) |µγ ,0 |ΘI
0 (w ')
γ
∑ ≈ µγ ,0 Θγf (w) |ΘI0 (w ')
γ
∑ 	
				|Θ!! 𝒘! = 𝑑!,𝒎
! 𝜇!,!𝑜 𝒎, 𝑰𝒎,! = 𝒔!𝒅!		 																												(10)	
where		 	 ,	 sγ ,m = µ










o Q Qαχ χ
= =
ʹ= ∏ ∏m I 	 																														(11a)	
and		 	 	 	 	 ,0, ( , )s o
α
α µ=m m I .				 	 	 (11b)	
The	approximate	equality	in	eq	10	makes	the	standard	assumption	that	
µγ ,0 (Q) 	is	independent	of	Q.			The	vector	of	Franck-Condon	factors	o(m,I)	has	length	
Nvib.		The	o(m,I)	are	evaluated	using	a	fine	grained	parallel	algorithm37,38	based	on	
well-known	recursion	relations.39-42		As	discussed	in	ref	16,	the	evaluation	of	s†df,	
the	dot	product	of	two	vectors	of	dimension	 state vibN N ,	is	readily	determined	if	s	is	
used	as	the	seed	or	initial	guess	vector	in	the	Lanczos	procedure	used	to	determine	
df.	
	 		Finally	note	that	 f 	is	a	Nel,	rather	than	Nel+1	electron	wave	function.		
Therefore,	although	the	wave	function	can	provide	a	correct	description	of	the	






photoionized	species,	it	cannot	accurately	describe	µγ ,0 (Q) 	since	the	outgoing	
electron	is	ignored.		This	limitation	will	not	affect	the	present	calculations	since	the	





								 	 	 	 		 (HT ,so −Em
T ,so ) mso = 0 																																																						(12a)																			
are	expanded	in	the	nonrelativistic	eigenbasis,	 f .		Here	










;Q) = hso,1−2(ri,Q) ⋅ si
i=1
Nel





























































T ,nr = δk,lEk
T ,nr 	,_ 	
																																																																				𝑯!
!,!" = 𝑶𝐻!!"#																																																										(18)	







!"                𝜆 = 𝑋,𝑌,𝑍																	(19)	
																													𝑂!,! = 𝑑!,𝒎
! 𝑑!,𝒎! − 𝑑!,𝒎
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µ so,m,I,± = c, f
m dγ ,m '





























































energy	 -117.18						-116.95	 -102.94						-102.71	 0.00	 						0.00	
	










∠C2C1H 4 	 			105.8									105.8	 111.7										111.7		 109.2											109.2							110.6[119.0]	
	
∠C2C1H 5 	 			110.8									110.9	 107.9										108.0																	109.2											109.2											110.6	
	






























																 				min(12A)		 	 	 ts(12A)		 	 min(11A1)	
																																																																																																																																																											
	mode												ab	initio		 									Hd	 																			ab	initio	 				Hd	 	 	ab	initio	
	
1	a'														3433.5	 3431.7	 3433.5		 3431.7																3565.4	 			(1a1)	
2a'															3163.4										3140.1									 3234.4				 3185.5																3209.1	 			(1e)	
3a'															3048.2										3080.1									 	3073.6				 3094.7																3135.3	 			(2a1)	
4a'															2130.4										2125.5														2130.1									2125.5																2300.5	 			(3a1)	
5a'															1492.7										1554.3	 1480.2				 1529.1																	1538.4	 				(2e)	



































∑ +1/ 2 Vk,l(2),α,βwkwl
k,l=1
N int





	 	 Hd (Q)− IEa,J ,(m) (Q)"# $%e
J (Q) = 0 	 ,	 	 	 	 (24)	
to	reproduce	as	well	as	possible	the	ab	initio	energies, (Q),	energy	gradients	
∇kE
a,J ,(ab) (Q) ,	and	derivative	coupling	vector	
fk














Hd	(see	ref	55-57):	< ex |O(a1,a1) | ex > ,	< ex |O(a1, x) | ex > ,	< ex |O(x, x) | ex > ,	and	
< ex |O(y, y) | ex > .		Here,	the	brackets	denote	the	diabatic	electronic	states,	and	O(i,j)	




	 	 	 < ex |O(a1,a1) | ex >=< ey |O(a1a1) | ey > 	
	 	 	 < ex |O(a1, x) | ex >= − < ey |O(a1, x) | ey > 	 	
	 	 	 < ex |O(y, y) | ex >=< ey |O(x, x) | ey > 	
	 	 													< ex |O(x, x) | ex >=< ey |O(y, y) | ey > 		 																													(25a)	
while	the	nonzero	elements	of	Hex,ey
d 	block	are	obtained	from	
	 	 	 (< ex |O(a1, x) | ex >= − < ex |O(a1, y) | ey > 	





































































	 						NR-Converged	 	 					NR-Reduced	 	 			Rel-Reduced								
level	 energy									intensity														energy										intenisty											energy													intensity			
1	 0.000	 	 1.00	 	 0.00	 	 1.00	 	 0.0	 	 1.00	
2	 0.002	 	 1.00	 	 0.014	 	 1.00	 	 18.57	 	 0.99	
3	 327.9	 		 0.00	 	 328.0	 	 0.00	 	 333.15	 0.00	
4	 339.8	 	 0.0	 	 339.7	 	 0.00	 	 353.20	 0.00	
5	 377.7	 	 0.05	 	 377.6	 	 0.05	 	 378.99	 0.06	


















	 				NR-converged	 	 						NR-reduced	 																			Rel-reduced	
level	 energy										intensity													energy											intensity													energy									intenisty	
1	 0.000	 	 1.00	 	 0.00	 	 1.00	 	 0.0	 	 1.00	
2	 0.049	 	 1.00	 	 0.222	 	 1.00	 	 18.65	 	 0.99	
3	 331.839	 0.00	 	 332.803	 0.00	 	 337.90	 0.00	
4	 344.325	 0.00	 	 344.603	 0.00	 	 358.07	 0.00	
5	 381.951	 0.05	 	 381.766	 0.05	 	 383.02	 0.06	
6	 382.005	 0.05	 	 381.849	 0.05	 	 399.20	 0.05	
	
(i).	(2E,	v+	=	0)	Levels.		The	most	intense	lines	in	Tables	3	and	4	are	the	(2E,	v+	
=	0)	ground	state	levels,	which	are	degenerate	by	symmetry	in	the	absence	of	spin-
orbit	coupling.		In	the	present	calculations,	the	degeneracy	is	computed,	using	the	
hybrid	(neutral)	basis,	to	be	0.002	(0.049)	cm-1.		Considering	the	size	of	the	spin-
orbit	interaction,	the	stringent	degeneracy	of	these	levels	is	essential	for	a	
convincing	analysis	of	the	relativistic	simulation,	which	follows.		The	
inconsequential	approximately	5	cm-1	systematic	difference	in	roots	3-6	for	the	two	
bases	is	most	likely	due	to	the	approximate	treatment	of	the	kinetic	energy	in	the	
time-independent	KDC	method.15	
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	 We	now	turn	to	the	effect	of	the	spin	orbit	interaction	on	the	(2E,	v+	=	0)	
levels	of	the	photoionization	spectrum.		There	are	two	issues	to	be	addressed:	the	
relative	intensity	and	spacing	of	the	two	lowest	energy	levels	in	the	spectrum.		As	
noted	above,	in	the	nonrelativistic	spectrum	these	two	levels	form	the	degenerate	
components	of	a	vibronic	2E	state	and	are	of	equal	intensity	symmetry.		When	the	
spin-orbit	interaction	is	included,	the	2E	state	splits	into	two	Kramers'	doublets,	
usually	denoted	2E3/2	and	2E1/2,	with	the	coupling	among	the	nonrelativistic	levels,	
eq	22,	providing	the	mechanism	for	intensity	borrowing.		Differential	mixing	of	the	
nonrelativistic	levels	can	remove	the	original	degeneracy	of	the	nonrelativistic	
intensities.		The	state	labels	2E3/2	and	2E1/2,	are	a	little	misleading	since	these	states	
are	actually	the	E1
' 	and	E2
' 	representation	of	the	C3v	double	group.		E2
' 	is	a	true	two-
dimensional	representation,	while	E1
' 	is	composed	of	two	one-dimensional	
irreducible	representations59	degenerate	by	time	reversal	symmetry.	
To	carry	out	the	requisite	relativistic	calculation,	it	is	computationally	
convenient	to	use	an	expansion	with	reduced	Nvib	for	the	nonrelativistic	spectrum	
since	the	eigenvectors	are	required;	see	eqs	18	and	20.		The	results	of	the	reduced	
dimensional	expansion	are	reported	in	columns	labeled	NR-reduced	in	Tables	3	and	
4.		By	comparing	columns	NR-converged	and	NR-reduced	in	Tables	3	and	4,	it	is	
seen	that	this	truncation	has	a	small	effect	on	the	calculated	energy	levels.	
The	relativistic	spectral	intensity	distribution	function	for	the	
photoioniziation	spectrum	of	propyne	is	also	reported	in	Tables	3	and	4;	see	column	
Rel-reduced.		Here,	we	use	Neig	=	100,	but	the	attributes	of	the	reported	levels	do	not	
change	if		Neig	is	increased.		The	splitting	of	the	first	two	levels	is	seen	to	be	only	Aso		
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=	-18.6	cm-1,	considerably	reduced	from	the	pure	electronic	splitting,	which	has	
magnitude	2	||Hrso ||	=	28.2	cm-1.		This	result	is	in	reasonable	accord	with	the	result	
of		XBRLLN	who	found	Aso	=	-13.2	cm-1.			
		 It	is	clear,	however,	from	Table	3	that	the	intensities	of	the	2E3/2	and	2E1/2	
states	are	essentially	equal.		Reference	to	the	nonrelativistic	spectrum	provides	a	
clear	explanation	for	this.		The	two	lowest	nonrelativistic	levels	are	separated	from	
the	remaining	levels	by,	at	least,	~330	cm-1.		Since	the	Ham	reduced	spin-orbit	
interaction,	eq	18,	is	<	15	cm-1,	sufficient	differential	mixing,	eq	22,	does	not	exist	to	
produce	a	photoionization	cross	section	ratio	E1/2/E3/2	=	4:1	for	the	ground	
vibrational	level	as	reported	by	XBRLLN.	
Consequently,	we	communicated	a	preprint	of	this	work	to	C.	Y.	Ng,	the	N	in	
XBRLLN.		He	pointed	out	that	the	reported	4:1	ratio	is	inconsistent	with	Figure	1	in	
XBRLLN,	which	expresses	the	observed	ground	state	spectrum	in	terms	of	
C3H4+(2E3/2,v+	=	0)	and	C3H4+(2E1/2,v+	=	0)	contributions.		From	that	figure,	he	
concluded	that	the	ratio	1:1	predicted	here	is	quite	reasonable.	
(ii).	(2E,	v+	>		0)	Levels.		MZG	report	little	evidence	for	photoionization	
terminating	at	excited	vibronic	levels	of	propyne	cation.		However,	ref	7,	denoted	
HLWC	below,	used	synchrotron	radiation	to	measure	vibronic	energies	for	the	
photoionization	transitions,	(2E,v+)		←(1A1,v)	for	v	=	0	and	for	an	extended	range	of	
v+,	as	well	as	a	hot	band	with	v+	=	0	and	v5e	=1.		The	hot	band	line	347	(361)	cm-1	
below	threshold,	is	in	good	agreement	with	the	harmonic	frequency	(1A1,	v5e	=1)	
from	Table	2	given	parenthetically.	
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		 The	remainder	of	this	discussion	considers	the	two	lowest	levels	above	
threshold	reported	by	HLWC.		The	analysis	uses	the	results	of	Tables	3	or	4	and	a	
related	theoretical	analysis	of	Barckholtz	and	Miller35	and	focuses	on	the	line	
intensities	rather	than	positions.		The	levels	in	question	are	reported	by	HLWC	at	
177	and	314	cm-1	above	threshold	and	are	attributed	to	Jahn-Teller	multiplets	of	
v5e+	=	1.		In	the	nonrelativistic	approximation,	since	v5e+	is	an	e	mode,	(2E,		v5e+	=	1)	
gives	rise	to	three	vibronic	levels	with	symmetry	a1,	a2,	and	e.		A	small	splitting	of	a1	
and	a2	levels	is	expected	since	these	levels	are	degenerate	in	the	absence	of	
quadratic	coupling,35	and	as	noted	previously,	the	quadratic	coupling	is	small	in	the	
propyne	cation.		More	significantly	only	the	photoionization	intensity	of	the	e	levels	
is	expected	to	be	nonzero	(see	ref	35	Figure	14).		These	expectations	are	borne	out	
in	the	nonrelativistic	results	for	levels	3-6	in	Tables	3	and	4.		The	incorporation	of	
spin-orbit	coupling	could	give	intensity	to	the	a1	and	a2	modes	and	would	be	
expected	to	split	the	e	mode.		Indeed,	Tables	3	and	4	show	that	incorporation	of	the	
spin-orbit	interaction	increases	the	splitting	of	the	e	levels	(levels	5	and	6)	by	~16	
cm-1	consistent	with	the	reduced	spin-orbit	coupling	discussed	above	but	does	not	
change	the	computed	intensities.		Thus,	on	the	basis	of	this	analysis,	we	assign,	in	
agreement	with	HLWC,	the	measured	line	at	314	cm-1	to	the	spin-orbit	split	e	levels	
originating	from	(2E,		v5e+)	calculated	to	be	at	378–395	cm-1.		However,	on	the	basis	
of	the	expected	intensities,	the	line	at	177	cm-1	is	likely	part	of	a	hot-band	sequence,	
originating	at	(1A1,	v5e	=1),	for	which	the	intensity	of	the	a1	line	is	expected	to	be	
significant.35		Simulation	of	photoionization	spectrum	reported	by	HLWC	will	
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require	a	very	accurate	treatment	of	the	vibronic	coupling	problem	and	will	be	
undertaken	as	part	of	a	future	study.	
As	reported	by	XBRLLN,	the	(2E,	v1+	=	1)	level	of	the	propyne	cation’s	
acetylenic	CH	stretch	occurs	at	3217	cm-1.10		At	this	energy,	a	much	higher	density	of	
states	and	differential	intensity	borrowing	for	the	(2E3/2,	v1+	=	1)	and	(2E1/2,	v1+		=	1)	
levels	are	possible.		However,	our	current	calculations	are	not	sufficiently	accurate	
to	address	this	issue.	
IV.		SUMMARY	AND	CONCLUSIONS	
	 The	electronic	structure	of	the	1,22A	states	(a	2E	state	for	C3v	structures)	of	
the	propyne	cation	has	been	determined	using	multireference	configuration	
interaction	wave	functions.		Three	symmetry	equivalent	minima	and	saddle	points,	
all	with	Cs	symmetry,	were	shown	to	exist	on	the	ground	state	potential	energy	
surface.		The	Cs		symmetry	of	the	ground	state	and	the	saddle	point	are	
manifestations	of	the	static	Jahn-Teller	effect.		Determination	of	the	minimum	
energy	conical	intersection	of	the	1,22A	states,	which	has	C3v	symmetry,	enabled	
description	of	this	effect.		The	ground	electronic	state	of	the	neutral	was	also	
determined.		Harmonic	frequencies	were	established	for	all	determined	critical	
points	on	the	neutral	and	the	cationic	potential	energy	surfaces,	as	was	the	spin-
orbit	interaction	coupling	of	the	2E	state	at	the	minimum	energy	crossing.		Also	
determined	was	a	coupled	quasi	diabatic	representation	of	the	1,22A	states	of	the	
cation	using	the	fully	quadratic	vibronic	coupling	approximation.		
The	coupled	quasi	diabatic	representation	of	the	1,22A	states,	Hd,	was	used,	
in	the	context	of	KDC	vibronic	coupling	theory,	to	simulate	the	threshold	region	of	
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the	photoionization	spectrum	of	propyne	at	the	relativistic	(that	is,	including	spin-
orbit	coupling)	and	nonrelativistic	(that	is,	excluding	the	spin-orbit	interaction)	
levels.		The	relativistic	analysis	predicts	an	18.7	(13.2)	cm-1	splitting	of	the	2E3/2	–	
2E1/2	states	a	36	(57)	percent	Ham	reduction	of	the	spin-orbit	coupling	in	the	
absence	of	the	Jahn-Teller	effect.		These	results	are	in	reasonable	accord	with	the	
experimental	results	of	XBRLLN,	given	parenthetically.		However,	the	cross-sections	
for	producing	C3H4+(2E3/2,v+	=	0))		and	C3H4+(2E1/2,v+		=		0)	by	ionizing	propyne,	
which	are	equal	by	symmetry	in	the	nonrelativistic	limit,	are	calculated	to	be	equal	
when	the	spin-orbit	interaction	is	included.		This	result	is	attributed	to	the	large,	
greater	than	327	cm-1,	separation	of	these	levels	in	the	nonrelativistic	
approximation	from	potential	perturbers,	which	could	modify	the	nonrelativistic	
absorption	cross-sections	through	intensity	borrowing.		This	result	is	at	odds	with	
the	published	conclusion	of	XBRLLN	that	the	cross	section	ratio	is	(2E1/2,	v+	=		
0)/(2E3/2,v+		=		0)	=	4:1.		However,	discussions	with	Cheuk	Ng,	based	on	a	preprint	of	
this	work,	have	determined	that	that	conclusion	of	XBRLLN	is	incorrect	and	that	the	
predicted	1-1	ratio	is	quite	reasonable.	
Finally,	we	have	considered	the	lowest	vibronic	levels	in	the	photoionization	
spectrum	reported	by	HLWC.		Our	analysis	suggests	the	possibility	of	additional	hot-
bands	in	that	spectrum,	a	detailed	study	which	will	be	the	subject	of	a	future	report.	
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♦ Obtained	clean	room	training		
	
	
TEACHING	EXPERIENCE	
Johns	Hopkins	University	(Baltimore,	MD)	
	
Spring	2015		 Teaching	Assistant	for	Physical	Chemistry	Laboratory	II		
Fall	2014		 Teaching	Assistant	for	Physical	Chemistry	Laboratory	III		
Spring	2014		 Teaching	Assistant	for	Physical	Chemistry	Laboratory	II	
Fall	2013		 Teaching	Assistant	for	Physical	Chemistry	Laboratory	III	
Spring	2013		 Teaching	Assistant	for	Physical	Chemistry	Laboratory	II		
Fall	2012	 Teaching	Assistant	for	Physical	Chemistry	Laboratory	III	
Spring	2012		 Teaching	Assistant	for	Introductory	Chemistry	Laboratory	II		
Fall	2011		 Teaching	Assistant	for	Physical	Chemistry	Laboratory	III		
	
	
PUBLICATIONS	&	POSTERS	
	
♦ Single	Spin	Inversion	by	J-driven	Selective	Cross	Polarization	with	Application	to	measurement	
of	1H-1H	couplings.	Poster	session	presented	at:	56th	Experimental	Nuclear	Magnetic	
Resonance	Conference,	Pacific	Grove,	CA,	April	2015.	
	
♦ "On	the	Photoionization	Spectrum	of	Propyne:	A	Fully	Ab	Initio	Simulation	of	the	Low-Energy	
Spectrum	Including	the	Jahn-Teller	Effect	and	the	Spin-Orbit	Interaction."	The	Journal	of	
Physical	Chemistry	A	117	(2013):	12002-2010.	
	
♦ "Atomic	Oxygen	Effects	on	POSS	Polyimides	in	Low	Earth	Orbit."	ACS	Applied	Material	&	
Interfaces	4	(2012):	492-502.	
	
♦ 	“Oxygen-Atom	Reactivity	with	Polyimide	and	POSS-Polyimide	Surfaces.”	Poster	session	
presented	at:	241st	ACS	National	Meeting,	Anaheim,	CA,	March	2011.	
	
	
	
COMPUTER	AND	LANGUAGE	SKILLS	
♦ Microsoft	Office	Suite	(Word,	Excel,	PowerPoint,	Outlook),	Endnote,	Mathematica,	GAMESS,	
Jmol,	COLUMBUS,	Fortran,	Perl,	Microsoft	Visual	Studio,	Solid	Works,	SIMION,	Bash,	Adobe	
Illustrator,	C++,	C#,	MatLab,	and	LabView	
	
